In this paper we present a proof to show that there exists no system of linear or nonlinear optics which can simultaneously close multiple local orbit bumps and dispersion through a single beam transport region. The second combiner ring in the CLIC drive beam recombination system, CR2, is used as an example of where such conditions are necessary. We determine the properties of a lattice which is capable of closing the local orbit bumps and dispersion and show that all resulting solutions are either unphysical or trivial.
: A schematic diagram to show how the combiner ring injection region interleaves bunches over 4 turns [1] . On each turn the stored bunches take different trajectories. principle of the injection scheme is depicted in Figure 2 ; as is 22 shown, there are two stored trajectories and the injection tra-23 jectory passing at the same time through the injection region.
24
In order to avoid beam losses at the injection septum magnet a 25 bump amplitude of ∼3 cm is required and to interleave bunches 26 with a bunch spacing of 82 ps (12 GHz) a 3 GHz RF deflector 27 is required with the bunches 90
• apart in RF phase.
28
A conventional orbit bump can be achieved with the use of and an iris radius of ∼4 cm (∼ 0.4λ).
36
However, the orbit bumps in the injection region might also (such as quadrupoles) as depicted in Figure 4 . CLIC has opted 39 to investigate this design scheme for the CR1 and CR2 injection 40 regions [1] and it is this scheme which is investigated in this 41 report.
42
If the beam centroid were to travel on-axis through the simultaneously correct both the dispersion and the orbit bump.
50
If there were only one trajectory through the CR2 injection 51 region, a dispersion suppression region could be placed down- functions due to a dipole. From figure 6 it can be shown that 91 the trajectory after the dipole is
where ρ is the radius of curvature of a particle through the 93 dipole field and θ is the deflection angle.
94
The dispersion through a sector bend dipole is often ex-
however, this expression provides the dispersion in terms of the 97 local (curvilinear) coordinate system where longitudinal axis,
98
S , is the tangent of the reference orbit at some point. We need 99 to determine the dispersion in terms of a global coordinate sys-100 tem where the longitudinal axis, z, is fixed because this is the 101 coordinate system that the trajectory is determined in for Eq. 1.
102 Figure 7 shows the difference between the local and global co-103 ordinate systems.
104
In the global coordinate system, the length of the dipole can 
and from Eq. 3 we can also define the momentum dependence
Therefore
and we can substitute Eqs. 4 and 6 into Eq. 1 to obtain
By expanding the terms inside the square root and neglecting 115 all terms of δp p which are second order or higher, we obtain
and from Eqs. 5 and 6, this can be simplified as
By using the expansions (1 order or higher, we can obtain the expression for position as a 120 function of momentum offset as
The dispersion is defined as
Hence in a global coordinate system, the trajectory and dis-124 persion functions after a dipole can be expressed as.
If we assume that Eq. 13 describes the change in trajectory 
(14) Figure 9 shows that if the dipole is replaced with a drift space, 
Central region 143
Having shown that a symmetric lattice must exist if any so- 
We define the transfer matrix through the central region as N,
156
where det N = 1. Therefore
where D doub and D doub are the residual dispersion and deriva- x 0
The simultaneous equations in Eq. 18 describe two lines 164 which intersect at the point x 0 = x 0 = 0, which is a trivial 165 solution. In order for non-trivial solutions to exist, we require 166 that the two lines are equivalent, thus we obtain
Since det N = 1, we obtain the constraint N 11 = N 22 in order 
Therefore in order to create a dispersion-free closed orbit 172 bump the following condition must be satified.
Calculation of residual dispersion

174
In order to determine whether a closed orbit bump through a 175 symmeterised lattice can be designed to be dispersion-free we 176 must evaluate Eq. 21 in terms of lattice parameters and deter- cussing quadrupole respectively can be expressed as
and the transfer matrix, P, for a drift length, L dr , as
The transfer matrix, N, for the quadrupole doublet can be 183 expressed as
The residual dispersion and derivative due to the off-axis 185 beam trajectory through a quadrupole can be expressed as [4] 186
Where ρ (s) can be expressed as[3]
Where the ∓ symbol represents the sign due to a focusing 
As the trajectory through the central region is an odd func- 
By using the change of variable s = l q − s, the integrals in
200
Eq. 28 can be expressed as
Therefore we can express D q1 and D q1 respectively as 
The total residual dispersion and its derivative from the cen-
Substituting Eq. 31 into Eq. 32 and using the fact that M 11 =
207
M 22 , we can express the total residual dispersion from the cen- 
Substituting Eqs. 24 and 33 into Eq. 21, we obtain the condi- where
. Eq. 35 is an elliptic inte- 
Substituting Eq. 36 into L dr M 21 + 2M 11 = 0, we obtain
From Eq. 33 we know that 
244
By substituting L dr = 0 into the two conditions which must 245 be satified for a dispersion-free solution to exist we obtain
Therefore if L dr M 21 + 2M 11 = 0, we require that det M = can be expressed as
where R is the linear transfer matrix, T is the second order ten- 
where
As x 0 is the horizontal displacement of a particle within the 275 bunch and we assume the bunch size is small, we can assume 
By only considering the dipole and quadrupole terms from
296
Eq. 46 we obtain 297B y,n = pc e nx n−1
If we now consider the magnetic field experienced by the 298 beam due to traveling off-axis through a quadrupole, we obtain 
